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Abstract High levels of haemoglobin (Hb) adducts from 
4-aminobiphenyl (4-A BP), a proven human carcinogen, 
have been reported in untreated animals from different 
laboratories fed various commercial standard diets. 
Therefore, Lhe impact of dietary modifications on 4-ABP 
Hb adducts was investigated. Female Sprague-Dawley 
rats were fed a regular standard diet or three different 
test diets for 4 weeks. 4-ABP Hb adducts were signifi¬ 
cantly lower in rats on vegetable-based test diets #2 
(596 ± 183 pg/'g Hb, P = 0.028) and #3 (537 ± 48 
pg/g Hb, P = 0.009) compared with controls (974 ± 

1 54 pg/g Hb). Cereal-based test diet #1 (1080 ± 388 pg/ 
g Hb) had no influence on the basal Hb adduct levels 
determined before the start of the experiment 
(1054 ± 163 pg/g Hb). In conclusion, the body burden 
of rats with 4-ABP could be significantly reduced by 
dietary modifications. 
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Introduction 

The carcinogenicity of aromatic amines has been well 
established in both humans and experimental animals 
(Radomski 1979; IARC 1987). A number of aromatic 
amines, including the potent human bladder carcinogen 
4-aminobiphenyl (4-ABP), have been detected incigarette 
mainstream and sidestream smoke (Patrianakos and 
Hoffmann 1979; Grimmer et al. 1987; Luceriet al. 1993; 
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Grimmer and Schneider 1995). It is a reasonable hy¬ 
pothesis that exposure to these amines is a risk factor for 
bladder cancer in cigarette smokers. Haemoglobin (Hb) 
adducts from 4-ABP are very useful biomarkers for as¬ 
sessing exposure, determining interindividual differences 
in metabolism and risk assessment (Skipper and Tan- 
nenbaum 1990). Whereas in active smokers tobacco 
smoke is the major source of 4-ABP Hb adducts, exposure 
of non-smokers to environmental tobacco smoke, i.e. 
‘passive’ or involuntary smoking, is only a minor source 
of exposure to this carcinogen (Hammond et al. 1993; 
Brunner et al. 1998; Tang et al. 1999). The occurrence of 
high background levels of 4-ABP Hb adducts in rats was 
first reported by Green et al. (1984) and confirmed in a 
follow-up study of Tanncnbaum’s group (Bryant et al. 
1987). The adduct levels in rats were about 10-fold and 
50-fold higher than the mean adduct levels in smokers 
and non-smokers, respectively (Table 1). No explana¬ 
tion was given for these results, and to our knowledge no 
further investigations have been published on the oc¬ 
currence of 4-ABP Hb adducts in laboratory animals. In 
the course of our own studies, the presence of high 
4-ABP Hb adduct levels in blood samples from untreated 
rats but not other animals was confirmed (Table 1). 

In this study, the influence of modifying rodent diets 
on 4-ABP Hb adducts was determined to investigate the 
contribution of diet to the high background Hb adduct 
levels in rats. 


Materials and methods 

Animal experiments 

Twenty-four 8-week-old, female Sprague-Dawley rats weighing 
189-200 g were obtained from Harlan Winkelmann (Borchen, 
Germany). Procedures involving animals were in conformity with 
institutional guidelines that are in compliance with German federal 
legislation. Upon arrival, the animals were randomised into five 
groups, one control group of four rats and four experimental 
groups of five rats each, to ensure equivalent body weight ranges 
within the groups. The rats were housed in stainless steel cages with 
wire mesh bottoms under controlled light (from 6 a.m. to 6 p.m.), 
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Table I 4-AminobiphenyI 
(ABP) Hb adducts in humans 
and animals 


Species 

4-ABP (pg/g Hb) 

Origin of samples 

Human smoker 

65-288 

Range of mean values from 12 different reports from 
Europe and USA a 

Human non-smoker 

10-50 


Rat 

500-3000 

Animal facility of MIT, Boston 1 ’ 

Beagle dog 

118-240 

Rhesus monkey 

< 10 


Rat 

800-4100 

Animal facility of Walther Straub Institute 0 

Guinea pig 

12 

Cow 

<0.5 

Bavarian Alps” 


J Data from Branner et al. (1998), Falter et al. (1994) and cited therein 
b Data from Green et al. (1984) and Bryant ct al, (1987) 

c Data from Branner (1994) and unpublished data. Rats were fed on either Alma H1003 (F. Boizen- 
hardt KG, Kemplen, Germany), Altromin 1320 (Altromin, Lage/Lippe, Germany) or MRH FF 
(Eggerstuann, Rinteln, Germany); guinea pigs were fed on ssniff G (ssniflf Spezialdiaten, Soest, Ger¬ 
many) 


temperature (18 ± I °C ) and humidity (60% ± 5%) with food 
and water available at all times. 

After 12 days of adaptation on the standard diet (ssniff R. ssniff 
Spezialdiaten. Soest. Germany), the four animals of the control 
group were killed by cervical dislocation, and blood was collected 
for the determination of basal Hb adduct levels of 4-ABP. One 
group was maintained on the standard diet, and the remaining 
three groups were fed different commercially unavailable test diets. 
The standard diet is composed of (in decreasing order) cereals, 
cereal by-products, oil seeds extract and vegetable oil. Test diet #1 
was composed of cereal by-products, dried green feed, cereals, oil 
seeds extract and vegetable oil. Test diet #2 was composed of 
vegetable by-products, milk products and sugar. Test diet #3 was 
composed of vegetable by-products, meat by-products, fish prod¬ 
ucts and vegetable oil. All diets were supplemented per kg with 
15,000 IU vitamin A, 1000 IU vitamin D.t, 100 mg vitamin E, 
10 mg vitamin B,, 20 mg vitamin B2, 12 mg vitamin B6, 80 pg 
vitamin B i; , 400 pg biotin, 30 mg pantothenic acid, 1600 mg cho¬ 
line, 4 mg folic acid. 60 mg nicotinic acid, 5 mg vitamin K. 5 . 50 mg 
inositol, 220 nig iron. 12 mg copper, 75 mg zinc, 90 mg manganese, 
2 mg cobalt, 2 mg iodine, 0.2 mg selenium. The nutritional vari¬ 
ables of the diets are Summarized in Table 2. Body weights were 
recorded in each group at weekly intervals. After 4 weeks blood 
was collected under ether narcosis from the abdominal aorta (5-8 
ml) into 10 ml NH 4 -heparin centrifuge tubes (Sarstedt, Niimbrecht, 
Germany). After centrifugation, plasma was separated from the 
blood cells, which were divided into two equal parts and washed 
twice with 8 ml of saline and stored at -30 °C. 

Determination of Hb adducts 

4-ABP Hb adducts were determined as previously described 
(Kutzer et al. 1997). Briefly, Hb solutions obtained after centrifu- 


Tahle 2 Composition of pelleted experimental diets 


Variable 

Standard 

diet 

Test 
diet #1 

Test 
diet #2 

Test 
diet #3 

Crude protein (%) 

19.0 

17.0 

20.5 

28.0 

Crude fat (%) 

3.3 

3.0 

3.7 

5.5 

Crude fibre i‘ .. t 

4.9 

13.0 

5.5 

2.7 

Crude ash pV) 

6.7 

7.7 

6.0 

9.2 

Calcium i";) 

1.0 

1.1 

1.0 

1.1 

Phosphorus r ti) 

0.7 

0.7 

0.7 

0.8 

Sodium (%) 

0.25 

0.2 

0.25 

0.3 

ME' (MJ/kg) 

11.9 

10.5 

12.6 

12.6 


,l Metabolizable energy calculated from the content of crude protein 
(CP), crude fat (CF) and nitrogen-free extractsbles (NFE) in g/kg 
diet by the formula CP x 0.01464 + CT x 0.03556 + NFE x 
0.01464 


gation of lysed red blood cells were dialysed against deionized 
water. The Hb content was determined by Drabkin's assay (Sigma, 
Deiscnhofen, Germany). After addition of 40 pg D<>-4-ABP as in¬ 
ternal standard, adducts were released by mild base-catalysed hy¬ 
drolysis. Extraction, clean-up and concentration were performed 
by a one-step procedure using C,s cartridges. 4-ABP was deriva- 
tised with pentafluoropropionic anhydride and analysed by capil¬ 
lary gas chromatography-mass spectrometry with negative 
chemical ionization and selected ion monitoring. All samples were 
analysed in duplicate. Two blank water samples without addition 
of internal standards were analysed each day to check background 
contamination. 


Statistical analysis 

Unless stated otherwise, results are given as mean ± SD of five 
rats per group. Comparison of group means was performed by 
2-tailed Student’s t test using WinSTAT (G. Greulich Software, 
Staufen, Germany). 


Results 

The lest diets did not significantly influence the rats’ 
body weight gain (Fig. 1). After 4 weeks, the weight gain 
in the rats on diet #2 (28.0 ± 5.7 g) and diet #3 
(23.0 ± 11.5 g) was slightly higher than in the control 
rats on the standard diet (18.0 ± 18.2 g), while rals on 
diet #1 gained slightly less weight (14.0 ± 11.4 g). 

The concentrations of 4-ABP Hb adducts in control 
rats on the standard diet before (1054 ± 163 pg/g Hb, 
n = 4) and after the feeding experiment (974 ± 154 pg/g 
Hb) confirm the high body burden of this carcinogen. 
The cereal-based test diet #1 did not influence the adduct 
levels (1080 ± 388 pg/g). However, feeding the rats for 
4 weeks on vegetable-based test diets #2 (596 ± 183 pg/ 
g) or #3 (537 ± 48 pg/g) reduced 4-ABP Hb adduct 
levels by nearly 50% (Fig. 2). 


Discussion 

The significant reduction of 4-ABP Hb adduct levels in 
rats on two vegetable-based test diets clearly demon¬ 
strates the importance of food as a major source of this 
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Fig. 1 Body weight gain of female Sprague-Dawiey rats fed on a 
standard rat diet or three different test diets (mean ± SE of five rats) 



basal standard diet #1 diet #2 diet #3 

Fig. 2 4-Aminobiphenyl haemoglobin adduct levels in groups of 
female Sprague-Dawley rats before (basal level, n — 4) and after 
4 weeks feeding on a standard rat diet or three different test diets 
(n = 5). Boxes cover 25th and 75th percentiles; horizontal line median. 
Outer horizontal lines indicate the 5th and 95th percentiles [* Statis¬ 
tically different by two-tailed Student's i test from basal levels 
[P < 0.01), from levels in rats fed the standard diet (P < 0.01) and 
from levels in rats fed test diet #1 (P < 0.05)] 


potent carcinogen in rodents. Compared with rats on a 
cereal-based diet, the adduct concentrations were re¬ 
duced by 50% within 28 days in rats on vegetable-based 
test diets #2 and #3. This time period corresponds to 
half of the 60-day average lifetime of the rat erythrocyte 
(Skipper and Tartnenbaum 1990) but is less than what 
could be expected from the study of Green et al. (1984), 
indicating a lifetime of about 40 days for 4-ABP Hb 
adducts in F344 rats. Therefore, the two vegetable-based 
test diets most probably did not contribute substantially 
to maintaining the level of 4-ABP adducts. 


Two possible sources may be responsible for the 
4-ABP Hb adducts in rats fed various standard rodent 
diets; contamination of food with 4-ABP or reduction of 
dietary 4-nitrobiphenyl (4-NBP). Nitrorcduction of 4- 
NBP by reductases which are ubiquitous in mammalian 
tissues and intestinal flora yields iV-hydroxy-4-ABP 
(Scheepers et al. 1994; Ning and Xu 1997). W-hydroxy- 
4-ABP is an intermediate in the oxidative metabolism of 
4-ABP, leading to both Hb and DNA binding (Skipper 
and Tannenbaum 1990). In rats, 4-NPB binds with 
nearly the same potency to Hb as 4-ABP (Sabbioni 
1992). The major sources of 4-ABP adducts in non- 
smokers arc still not dear (Tang et al. 1999). A recent 
report suggested that 4-ABP DNA adducts in the hu¬ 
man lung may arise primarily from airborne exposure to 
4-NBP (Culp el al. 1997). The present results suggest 
that cereal-based food could be also a source of 4-ABP 
Hb adducts in humans, partly explaining the back¬ 
ground levels in non-smokers. However, more studies 
feeding totally purified diets to young rats after weaning 
are necessary to pinpoint the source(s) of 4-ABP 
adducts. 

4-ABP has been classified as a human carcinogen 
(IARC 1987). In juvenile mice, 4-ABP is a stronger 
carcinogen compared with a series of food-borne het¬ 
erocyclic amines (Dooley et al. 1992). The carcinogenic 
potential of 4-ABP in rats has not been studied in detail 
(Radomski 1979). However, the major DNA adduct, N- 
(deoxyguanosine-8-yl)-ABP, which has been associated 
with carcinogenic effects in mice (Poirier et al. 1995), is 
also formed in rat liver (Groopman et al. 1992; 
Monteith and Gupta 1992; Orzechowski et al. 1994). 
Moreover, a correlation between DNA and Hb binding 
of radioactive 4-ABP has been observed in rats (Olsen 
et al. 1993). According to Green et al. (1984), a single 
4-ABP dose of 0.5 pg/kg body weight produced about 
1700 pg adduct/g Hb or roughly twice our background 
level in rats. Under the condition of chronic dosing, 
about 0.01 pg/kg/day should be sufficiently high to yield 
the observed 4-ABP adduct levels in rats. These low 
doses are not expected to elicit toxic or tumourigenic 
responses in rats. 

In summary, the results highlight the contribution of 
rodent diets to 4-ABP Hb adducts. The adduct levels 
were significantly reduced in animals maintained on 
vegetable-based diets. 
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